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Analytical Method Development and Analytical Method Development and 
ValidationValidation

CBDA Grant Study Goal:CBDA Grant Study Goal:
Develop and validate sample extraction and Develop and validate sample extraction and 
analysis procedures that give accurate and analysis procedures that give accurate and 
reproducible results for environmentally relevant reproducible results for environmentally relevant 
concentrations of pyrethroid insecticides (home concentrations of pyrethroid insecticides (home 
and commercial use)and commercial use)
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Analytical Method Development and Analytical Method Development and 
ValidationValidation

MethodsMethods
Compatible with GC and HPLC analysesCompatible with GC and HPLC analyses
Applicable to water, colloids, sediment and biotaApplicable to water, colloids, sediment and biota
Applicable at environmentally relevant concentrationsApplicable at environmentally relevant concentrations
Amenable to automation for high sample throughputAmenable to automation for high sample throughput
Cost effectiveCost effective
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Analytical Method Development and Analytical Method Development and 
ValidationValidation

Development of Analytical MethodsDevelopment of Analytical Methods
Optimization (sensitivity and selectivity) of instrument Optimization (sensitivity and selectivity) of instrument 
methods used for analysis and confirmation (GCmethods used for analysis and confirmation (GC--
ECD, ECD, 
GCGC--MS, LCMS, LC--MS, GCMS, GC--MS/MS and LCMS/MS and LC--MS/MS)MS/MS)
Isomer, Isomer, enantiomerenantiomer and stereoisomer identification and stereoisomer identification 
and stability (deltamethrin, tralomethrin)and stability (deltamethrin, tralomethrin)
Evaluation of water extraction methods (liqEvaluation of water extraction methods (liq--liq, SPE, liq, SPE, 
SPME)SPME)
Evaluation of sediment and tissue extraction  and Evaluation of sediment and tissue extraction  and 
matrix separation methods (PFE, GPC, Florisil)matrix separation methods (PFE, GPC, Florisil)
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Methods for Pyrethroid Analysis

SEDIMENT

PFE

TISSUE WATER

PFE

GPC GPC

Liq/Liq

GC/ECD

FlorisilFlorisil Florisil
(if needed)

GC/MS
confirmation
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Matrices:  Sediment, Tissue and Water
Analytes:  Bifenthrin, Cyfluthrin, Cypermethrin, Es-fenvalerate,

Fenpropathrin, Lambda-cyhalothrin and Permethrin

Method Summary
Sediment and Tissue:  ASE - GPC – Florisil
Water:  Liquid/liquid or Solid Phase Extraction

– Florisil (if needed)
Analysis:  High resolution GC/ECD with dual columns
Standards obtained from ChemService
Second source obtained from AccuStd
Reporting Limits:  0.002-0.012 µg/L (water)

1-10 ng/g dry wt (sediment)
2-6 ng/g fresh wt (tissue)

Confirmation by GC/MS

PYRETHROID EXTRACTION
AND ANALYSIS METHOD
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Liquid-liquid Extraction
Sample Prep:   1 liter unfiltered water sample

2 liter separatory funnel
Surrogate/Spike solution

Solvent:  Methylene chloride (DCM), 120 mL (2x)

Concentrate and solvent exchange:  
Evaporate using K-D and µK-D (75-80˚C),
Exchange solvent with petroleum ether 

(~ 50 mL, 3x) 

Reconstitute:  2 mL isooctane
Analysis:  GC/ECD

Water Sample Extraction
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PYRETHROIDS IN AMERICAN RIVER WATERPYRETHROIDS IN AMERICAN RIVER WATER
Method Validation: Spike Level 2Method Validation: Spike Level 2--10 ng/L10 ng/L

102

96.2

101

106

101

103

88.1

% Recovery

Average

4.002.170.696.12Permethrin

4.001.610.511.93Lambda-cyhalothrin

4.001.730.552.02Es/Fenvalerate

4.001.610.512.12Deltamethrin

8.004.391.404.04Cypermethrin

12.06.882.194.13Cyfluthrin

2.000.980.311.76Bifenthrin

(ng/L)(ng/L)
Amount 

Recovered
Amount 

Recovered
Pyrethroids by 
GC/ECD

RLMDL=t*Stdev
Standard
DeviationAverage
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Pressurized Fluid Extraction
Instrument:  Automated Dionex ASE 200 
ASE Conditions

Solvent:  Acetone/Dichloromethane (DCM) 50/50
Program: 100˚C, 1500 psi 

Sample Prep:  10 g homogenized sediment/tissue
7 g Hydromatrix®
33 mL pre-rinsed extractor cell
Surrogate/spike solution

Extract Collection: Two 60 mL VOA vials per sample 
Evaporate and solvent exchange:  K-D and µK-D (75-80˚C),
Exchange solvent with petroleum ether (~ 50 mL, 3x) 

Sediment/Tissue Sample Extraction
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Instrument:  J2 Scientific AccuPrep 170, Autoinject 110

GPC Conditions
Solvent:  Dichloromethane (DCM)
Column:  60 x 2.5 cm
Column Packing:  65 g BioBeads, 200-400  mesh
Flow:  5 mL/min
Program: Dump-19 min, Collect-24 min, Rinse-10 min

Sample size:  10 mL DCM extract, 5 mL sample loop

Evaporate and solvent exchange:  K-D and µK-D (75˚C),
Exchange solvent with petroleum ether (~ 50 mL, 3 times) 

Gel Permeation Chromatography
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Florisil Column Fractionation

Column Prep: 25 g Preactivated Florisil (130ºC, 24   
hours) embedded between sodium sulfate with 
glass wool plug, 11 mm x 300 mm glass column

Reagents: 
0 % ethyl ether in petroleum ether (Fraction 1)

6 % ethyl ether in petroleum ether (Fraction 2)

15 % ethyl ether in petroleum ether (Fraction 3)
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Distribution of Pyrethroids Among 
Florisil Fractions

(0%) Fraction 1     (6%) Fraction 2 (15%) Fraction 3

Do Not Collect Bifenthrin Cyfluthrin
(PCBs and other           Permethrin             Cypermethrin
pesticides) Es-fenvalerate

Lambda-cyhalothrin
other pyrethroids
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PYRETHROIDS IN AMERICAN RIVER SEDIMENTPYRETHROIDS IN AMERICAN RIVER SEDIMENT
Method Validation: Spike Level 5Method Validation: Spike Level 5--20 ng/g20 ng/g

99

104

107

62.0

108

108

106

% Recovery

Average

8.003.801.2716.2Permethrin

4.001.150.385.17Lambda-cyhalothrin

4.000.800.275.39Es/Fenvalerate

4.002.080.693.10Deltamethrin

4.002.440.8111.1Cypermethrin

4.002.550.8510.4Cyfluthrin

1.000.430.145.30Bifenthrin

(ng/g)(ng/g)
Amount 

Recovered
Amount 

Recovered
Pyrethroids by 
GC/ECD

RLMDL=t*Stdev
STDEV
(n=8)Average
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Round Robin Sediment Results Round Robin Sediment Results 
SAMPLE 1 RESULTS IN TRIPLICATESAMPLE 1 RESULTS IN TRIPLICATE

NA80.279.678.482.6Dibromochlorendated

NA88.110678.679.2Dibromooctafluorobiphenyl

Surrogate (% Recovery)

2.2436.338.636.234.2Permethrin

0.083.723.633.743.80Lambda-Cyhalothrin

0.414.204.294.553.75Fenpropathrin*
0.1812.012.011.812.2Esfen/Fen-valerate

NANDNDNDNDDelta/Tralo-methrin

1.192.933.951.633.23Cypermethrin

0.662.272.761.532.54Cyfluthrin

2.1913.315.812.311.9Bifenthrin

dry wt
ppb (ng/g)

dry wt
ppb (ng/g)

dry wt
ppb (ng/g)

dry wt
ppb (ng/g)Pyrethroids by GC/ECD

SED PY 005SED PY 005SED PY 005SED PY 005SED PY 005Sample Identification
STDevAverageGC/ECD

*Estimated MDL
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Round Robin Sediment Results Round Robin Sediment Results 
SAMPLE 2 RESULTS IN TRIPLICATESAMPLE 2 RESULTS IN TRIPLICATE

NA82.582.283.681.6Dibromochlorendated 

NA87.094.089.677.4Dibromooctafluorobiphenyl

Surrogate (% Recovery)

3.1339.142.637.936.7Permethrin

0.524.004.513.484.01Lambda-Cyhalothrin

0.336.406.566.036.62Fenpropathrin*

0.5511.812.311.711.2Esfen/Fen-valerate

NANDNDNDNDDelta/Tralo-methrin

0.941.822.861.561.04Cypermethrin

0.421.130.661.251.48Cyfluthrin

0.8614.114.013.315.0Bifenthrin

dry wt 
ppb (ng/g)

dry wt 
ppb (ng/g)

dry wt 
ppb (ng/g)

dry wt
ppb (ng/g)Pyrethroids  by GC/ECD

SED PY 006SED PY 006SED PY 006SED PY 006SED PY 006Sample Identification

STDevAverageGC/ECD

*Estimated MDL
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Round Robin Sediment ResultsRound Robin Sediment Results
QC RESULTSQC RESULTS

84.072.872.471.0Dibromochlorendated
10981.288.089.4Dibromooctafluorobiphenyl

Surrogate (% Recovery)

10410495.3NDPermethrin
10570.379.6NDLambda-Cyhalothrin
92.083.776.8NDFenpropathrin*
11266.373.1NDEsfen/Fen-valerate
77.6ND35.7NDDelta/Tralo-methrin
10171.280.6NDCypermethrin
96.670.275.7NDCyfluthrin
81.787.8102NDBifenthrin

% Recovery% Recovery% Recovery
dry wt

ppb (ng/g)Pyrethroids by GC/ECD

SED PY 005 
MS 

American River 
Sediment

LCSD

American River 
Sediment

LCS

Method 
BlankSample Identification

*Estimated MDL
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Round Robin Sediment Results Round Robin Sediment Results 
GC/ECD vs GC/MS/MS (TSQ) GC/ECD vs GC/MS/MS (TSQ) 

67.638.651.136.243.234.2Permethrin

4.863.634.173.743.203.80Lambda-Cyhalothrin

9.694.2910.404.558.053.75Fenpropathrin*

17.412.016.011.814.412.2Esfen/Fen-valerate

NDNDNDNDNDNDDelta/Tralo-methrin

6.913.953.071.632.563.23Cypermethrin

1.912.762.101.531.532.54Cyfluthrin

17.415.813.712.310.211.9Bifenthrin

GC/MS/MS 
(TSQ)

GC/ECDGC/MS/MS 
(TSQ)

GC/ECDGC/MS/MS 
(TSQ)

GC/ECD
Pyrethroid Pesticides

SED PY 005
dry wt. ppb (ng/g)

SED PY 005
dry wt. ppb (ng/g)

SED PY 005
dry wt. ppb (ng/g)

Sample Identification

*Estimated MDL
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Round Robin Sediment Results Round Robin Sediment Results 
GC/ECD vs GC/MS/MS (TSQ) GC/ECD vs GC/MS/MS (TSQ) 

*Estimated MDL

83.042.668.737.973.436.7Permethrin

4.644.514.103.484.184.01Lambda-Cyhalothrin

12.26.568.286.038.206.62Fenpropathrin*

18.112.315.611.716.111.2Esfen/Fen-valerate

NDNDNDNDNDNDDelta/Tralo-methrin

3.512.862.921.562.831.04Cypermethrin

1.960.661.091.253.141.48Cyfluthrin

19.014.017.013.318.715.0Bifenthrin

GC/MS/MS 
(TSQ)GC/ECD

GC/MS/MS 
(TSQ)GC/ECD

GC/MS/MS 
(TSQ)GC/ECD

Pyrethroid 
Pesticides

dry wt. ppb (ng/g)dry wt. ppb (ng/g)dry wt. ppb (ng/g)

SED PY 006SED PY 006SED PY 006Sample Identification
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Retention times, Q1Retention times, Q1--Q3 Transitions and Q3 Transitions and 
Collision EnergyCollision Energy

RTRT AnalyteAnalyte Q1Q1 Q3        Collision Energy (Q3        Collision Energy (--volts)volts)
43.91643.916 BifenthrinBifenthrin 181181 166166 1515
48.29448.294 LambdaLambda--cyhalothrincyhalothrin--11 181181 152152 2525
49.29649.296 LambdaLambda--cyhalothrincyhalothrin--22 181181 152152 2525
53.15653.156 PermethrinPermethrin--11 183183 153+163153+163 1010
53.90953.909 PermethrinPermethrin--22 183183 153+163153+163 1010
56.38456.384 CyfluthrinCyfluthrin--11 163163 127127 1010
57.02157.021 CyfluthrinCyfluthrin--22 163163 127127 1010
57.32757.327 CyfluthrinCyfluthrin--33 163163 127127 1010
57.62257.622 CyfluthrinCyfluthrin--44 163163 127127 1010
58.16458.164 CypermethrinCypermethrin--11 163163 127127 1010
58.87658.876 CypermethrinCypermethrin--22 163163 127127 1010
59.19159.191 CypermethrinCypermethrin--33 163163 127127 1010
59.51059.510 CypermethrinCypermethrin--44 163163 127127 1010
64.97064.970 Es/fenvalerateEs/fenvalerate 167167 125125 1515
66.45366.453 Es/fenvalerateEs/fenvalerate 167167 125125 1515
71.03971.039 DeltamethrinDeltamethrin 181181 152152 2020
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Pyrethroid Mixed Standard MS/MSPyrethroid Mixed Standard MS/MS
1.0 ppb1.0 ppb
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Pyrethroid Mixed StandardPyrethroid Mixed Standard
10 ppb10 ppb
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract

min26 28 30 32 34 36 38

Hz

500

600

700

800

900

 ECD1 A,  (E:\L-606-06\027F2701.D)
 D

B
C

E
 w

ar
rio

-1

 w
ar

rio
-2

 p
er

m
et

hr
in

-c
is

 p
er

m
et

hr
in

-tr
an

s

 c
yf

lu
th

rin
-1

 c
yf

lu
th

rin
-2

 c
yf

lu
th

rin
-3

 c
yf

lu
th

rin
-4

 c
yp

er
m

et
hr

in
-1

 c
yp

er
m

et
hr

in
-2

 c
yp

er
m

et
hr

in
-3

 c
yp

er
m

et
hr

in
-4

 e
s-

fe
nv

al
er

at
e-

1

 e
s-

fe
nv

al
er

at
e-

2

SED PY 005-F3 by GC/ECD
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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PYRETHROID TISSUE VALIDATIONPYRETHROID TISSUE VALIDATION
American River Hatchery Trout, Spike Level 4American River Hatchery Trout, Spike Level 4--16 ng/g16 ng/g

97.2

85.0

52.8

41.8

74.3

89.1

98.7

88.1

% Recovery

AVERAGE

6.002.230.7111.7Permethrin

4.001.340.433.40Fenpropathrin*

4.001.680.532.11Esfenvalerate 

2.000.600.191.67Deltamethrin

4.001.6600.535.94Cypermethrin

4.001.490.473.56
Cyhalothrin-

Lambda

6.002.720.8615.8Cyfluthrin

2.000.650.213.52Bifenthrin

Fresh 
Wt.  

ppb  
(ng/g)

Fresh Wt.  
ppb  (ng/g)

Amount
Recovered

Amount
Recovered

Pyrethroid 
Pesticides

RLMDL=t*Stdev
STD DEV

(n=7)(n=7)AVERAGE

*Estimated MDL
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PYRETHROID METHOD DETECTION LIMITS AND 
REPORTING LIMITS FOR WATER, SEDIMENT AND TISSUE

By GC/ECD

6.002.208.004.000.0040.002Permethrin

4.001.504.002.000.0040.002Lambda-cyhalothrin

4.001.354.002.000.0040.002Fenpropathrin*

4.001.704.002.000.0040.002Es/Fenvalerate

2.000.604.002.000.0040.002Deltamethrin

4.001.704.002.000.0080.004Cypermethrin

6.002.704.002.000.0120.006Cyfluthrin

2.000.651.000.500.0020.001Bifenthrin

Fresh wt     
ppb (ng/g)

Fresh wt     
ppb (ng/g)

Dry wt   
ppb (ng/g)

Dry wt     
ppb (ng/g)

ppb 
(ug/L)

ppb 
(ug/L)

Pyrethroid 
Pesticides

RLMDLRLMDLRLMDL

TissueSedimentWaterSample Matrix

*Estimated MDL
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PYRETHROID STANDARD MATERIALPYRETHROID STANDARD MATERIAL
DIFFERENCE IN ISOMER RATIOS BY VENDORDIFFERENCE IN ISOMER RATIOS BY VENDOR
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PYRETHROID STANDARD MATERIALPYRETHROID STANDARD MATERIAL
DIFFERENCE IN ISOMER RATIOS BY VENDORDIFFERENCE IN ISOMER RATIOS BY VENDOR
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ADDITIONAL PYRETHROID ANALYTESADDITIONAL PYRETHROID ANALYTES
Fortified American River WaterFortified American River Water

Spike Level: 20 ng/LSpike Level: 20 ng/L

11.110011298.390.0DBOB
Surrogate (%Rec)

6.4050.356.251.343.5Tralomethrin
2.00114116114112Tetramethin
4.0991.492.686.894.7Prallethrin
4.3690.595.588.587.5Phenothrin
2.6585.384.383.388.3Flucythrinate
5.8510510898.4109Allethrin

STD DEV
AVERAGE
% Recovery% Recovery% Recovery% Recovery

Pyrethroids
by GC/ECD

liq/liqliq/liqliq/liqExtraction MethodExtraction Method
AR 3AR 2AR 1
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ADDITIONAL PYRETHROID ANALYTESADDITIONAL PYRETHROID ANALYTES
Fortified American River WaterFortified American River Water

Spike Level:  40 ng/LSpike Level:  40 ng/L

5.5088.985.386.195.2DBOB
Surrogate

4.3580.977.080.285.6Tralomethrin
7.55120119113128Tetramethin
5.86111109107118Prallethrin
1.8896.297.394.097.2Phenothrin
1.9791.088.891.892.5Flucythrinate
6.11106105101113Allethrin

STD DEV
AVERAGE
% Recovery% Recovery% Recovery% Recovery

Pyrethroids
by GC/ECD

SPE-AcidifiedSPE-AcidifiedSPE-Acidified
Extraction Extraction 
MethodMethod

AR 3AR 2AR 1
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ADDITIONAL PYRETHROID ANALYTESADDITIONAL PYRETHROID ANALYTES
FortifiedFortified American River SedimentAmerican River Sediment

Spike Level:  4 ng/gSpike Level:  4 ng/g

14.0110100104126DBOB

Surrogate 
(%Rec)

1.4593.094.591.693.0Tralomethrin
10.7118127106120Tetramethin
11.0109103103122Prallethrin
13.092.677.799.2101Phenothrin
4.04109108105113Flucythrinate
12.7112110101126Allethrin

STD DEVAVERAGE
% Recovery% Recovery% Recovery% Recovery

Pyrethroids
by GC/ECD

ASEASEASE
Extraction Extraction 
MethodMethod

AR 3AR 2AR 1
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SUMMARYSUMMARY

Methods developed and validated for water,    Methods developed and validated for water,    
sediment and tissuesediment and tissue

Method of quantitation Method of quantitation -- total vs. isomerstotal vs. isomers

Method extends to other pyrethroids Method extends to other pyrethroids ––
allethrin, flucythrinate, phenothrin, prallethrin, allethrin, flucythrinate, phenothrin, prallethrin, 
tetramethin and tralomethrintetramethin and tralomethrin

GC/MS/MS (TSQ): Very sensitive GC/MS/MS (TSQ): Very sensitive –– at least 2 at least 2 –– 10 10 
times lower than GC/ECD; best tool to obtain times lower than GC/ECD; best tool to obtain 
lower reporting limit by reducing background  lower reporting limit by reducing background  
interferenceinterference
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FUTURE METHOD DEVELOPMENTFUTURE METHOD DEVELOPMENT

Optimize GC/MS/MS analysis by using appropriate Optimize GC/MS/MS analysis by using appropriate 
internal standards and surrogatesinternal standards and surrogates

Complete validation of GC/MS/MSComplete validation of GC/MS/MS--TSQ TSQ 

Complete validation of GC/MS/MSComplete validation of GC/MS/MS--Ion TrapIon Trap

SPME Method Development using MS/MSSPME Method Development using MS/MS

Continue LC/MSD investigationContinue LC/MSD investigation


